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tissue factor,tTF）是 TF （tissue factor）胞外的一部分，当 tTF 融合蛋
白由靶向片段定位到血管时，可以诱发肿瘤组织血管栓塞，阻断肿瘤营养物质和
氧气的供给，引发肿瘤缺血性坏死，从而达到抗肿瘤作用。 
SP5.2 是 16 个氨基酸组成的多肽，对肿瘤血管内皮细胞表面的 VEGF 受体




式。利用 PCR 技术构建含有 SP5.2 和 tTF 的融合基因，并将其克隆到 pET22 b(+)
中。通过大肠杆菌 BL21（DE3）表达融合蛋白 SP5.2/tTF，破碎菌体得到融合蛋
白，经过 8 尿素变性后过镍柱亲和纯化，纯化后的蛋白经透析复性。利用凝血时






蛋白浓度 2mg/ml。凝血时间测定和 FX 活化实验证实融合蛋白具有凝血活性，
体外细胞实验证实 SP5.2 能选择定位在 ECV304 细胞表面。体内实验显示融合蛋
白 SP5.2/tTF 能有效抑制鼠源性肉瘤 S180 的生长,在 S180 小鼠模型中，SP5.2/tTF
的抑瘤率可达到 70％。组织学观察到 SP5.2/tTF 融合蛋白能选择性定位于肿瘤组
织，并选择性诱发肿瘤组织血管栓塞，导致肿瘤细胞坏死，在正常组织中，未观
察到血管栓塞、细胞坏死。 
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Abstract 
Selective thrombosis in tumor vessels and induction of subsequent tumor 
infarction is a promising anti-tumor strategy. tTF (truncated tissue factor) is the 
extracellular domain of tissue factor. When tTF is targeted to the tumor vasculature by 
the ligand of tTF fusion protein, it could induce thrombosis in tumor vasculature and 
cut off nutrition and oxygen supply of tumor, result in necrosis of the tumor and 
produces anti-tumor effects. 
This strategy needs specific ligand deliver tTF to tumor vessels. SP5.2 is a 
peptide comprising 16 amino acid residues, bears good selectivity towards Flt-1 
receptor on the surface of tumor vascular, and therefore, it would be an ideal ligand in 
this strategy. We construct the fusion protein SP5.2/tTF and measure its ability in 
selectively inducing thrombosis in tumor vasculature and anti-tumor effect. 
To test the potential selective thrombosis of tTF fusion protein in tumor vessels 
and improve the affinity of ligand SP5.2 of fusion proteins for VEGFR1 which is one 
of the tumor vascular endothelium markers. The SP5.2/tTF fusion gene is constructed 
by PCR technology and cloned into pET22b (+), then the SP5.2/tTF fusion protein is 
expressed in E.coil DE3.The inclusion body is dissolved with 8M urea and purified 
with His SpinTrap columns. The purified fusion protein is refolded by subsequent 
dialysis.Thirdly, the activities of the fusion proteins were measured by coagulation 
timing, FX activation, ECV304 cells experiments. Fourthly, the distribution of the 
RBITC-labelled proteins in mice bearing a grafted S180 (mouse sarcoma) tumor and 
the localization of the RBITC-labelled protein in tissues is observed by laser scanning 
confocal microscope. Finally, the effect of the protein to selectively induce thrombosis 
in tumor vasculature is examined by histologic analysis. 
The fusion gene of SP5.2/tTF is constructed by PCR successfully, and then it is 
inserted into vector pET22 b (+), expressed efficiently in E.coli BL21 (DE3) under 
optimal condition. The fusion proteins purified through Nickel-affinity 
chromatography column can achieve a purity up to 95%.After concentrated by 
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demonstrated by clotting assay and FⅩ-activation assay.  In the S180 (mouse 
sarcoma)-bearing mouse models, the tumor growth inhibition is 70%. In histological 
studies, the selective localization of the fusion proteins is observed. Blood vessels in 
the tumors in the treated group were thrombosed and occluded, and tumor cells 
around the occluded vessels appeared damaged. No thrombosis in blood vessels and 
cell damage, or other side effects were observed in normal tissues. 
In summary, the SP5.2/tTF is constructed by gene engineering technology, and 
fusion protein is expressed efficiently in E.coli. Fusion proteins SP5.2/tTF could 
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和迁移[9]；（4）各种促血管内皮生长因子的受体分子如 Flt1，Flk1，Tie1 和 Tie2
等表达量也相应增高，这些受体与生长因子结合，促使内皮细胞形成管腔和血管
网；（5）在 Angiopoietin-1 和 Angiopoietin-2 等因子作用下，通过促进或松弛
内皮细胞与周围支持细胞的相互作用，完成血管重塑[4]。 
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表皮生长因子(EGF) 血小板因子 4(PF-4) 
转化生长因子α(TGF-α) 血小板反应素(TSP) 
Angiopoietin-1 干扰素α、β(IFN-α、β) 
肝细胞生长因子(HGF) 催乳素 16kD 片断 
肿瘤坏死因子α(TNFα) 组织金属蛋白酶抑制剂(TIMS) 
黏附分子(αｖβ3、αｖβ5) 白介素 12(IL- 12) 
血管生成素(Angiogenin) 肿瘤抑素(Tumstatin) 
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    当新生的血管长入肿瘤组织，肿瘤的养分供给即由原来的弥散变为灌注，肿
瘤也由原先生长缓慢的血管前期转入快速增殖的血管期。 
    肿瘤血管无论在形态还是功能上都与正常血管不同。肿瘤新生血管与正常血
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